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TITLE: A METHOD FOR STIMULATION OF DEFENSIN 

PRODUCTION 

Inventors: Pascale Fehlbaum, Mark Anderson, Meena Rao and Michael Zasloff 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to U.S. Patent Application Ser. No.: 09/316,386, filed 
May 21, 1999, which is herein incorporated by reference in its entirety. This application 
claims priority to U.S. provisional application 60/189,702, filed March 15, 2000, which is 
specifically incorporated herein by reference in its entirety. 
FIELD OF THE INVENTION 

This invention relates to stimulating the production of defensins in mammalian 
cells using the amino acid isoleucine or active isomers or analogs thereof. Furthermore, 
the present invention includes the use of isoleucine or active isomers or analogs thereof to 
stimulate defensins for the prevention and treatment of infections and other various 
disease states. 

BACKGROUND OF THE INVENTION 

Defensins are cationic, cysteine-rich peptides that display broad spectrum 
antimicrobial activity. Their structure is characterized by a conserved cysteine motif that 
forms three disulfide linkages, imposing a characteristic -sheet structure (Hill et aL, 
1991; White et aL, 1995). Associated with this structure is an amphiphilic charge 
distribution that enables the defensins to interact with and disrupt target cell membranes 
(Lehrer et aL, 1989). This disruption is thought to be accomplished by the formation of 
channels in the target membrane, leading to cell lysis (Kagan et aL, 1990). Defensins 
have been shown to inhibit proliferation of both gram-positive and gram-negative 
bacteria, yeast and numerous viruses. In particular, defensins inhibit the proliferation of * 
the yeast strain Candida albicans and the gram-negative bacteria Escherichia coli (Porter 
et aL, 1997; Harder et aL, 1997; Schonwetter et aL, 1995; Daher et aL, 1986). 

Defensins have recently been identified as an integral component of the 
antimicrobial barrier of mucosal surfaces. In both the human and murine small intestine, 
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defensin RNA has been localized to the Paneth cell, a specialized epithelial cell located at 
the crypt base (Ouellette et aL, 1989; Jones et aL n 1992). The associated peptide has been 
localized within secretory granules of the Paneth cell and in the lumen of the small 
intestine, suggesting a role for defensins in host defense in the gut (Selsted et al, 1992). 
5 Defensins have also been found in bovine and human respiratory epithelium. Tracheal 
antimicrobial peptide, a p-defensin isolated from bovine tracheal mucosa, was localized 
to the ciliated columnar epithelial cells of the trachea and bronchi (Diamond et aL, 1991; 
Diamond et al. 9 1993). Lingual antimicrobial peptide, another -defensin, was found in 
bovine lingual mucosa and stratified squamous epithelium of the tongue (Schonwetter et 

10 a/., 1995). Most recently, human P-defensin- 1 was demonstrated to be present in the 
epithelium of the trachea and bronchi, as well as the submucosal gland and alveolar 
epithelium (Goldman et al y 1997; Zhao et al 9 1996). 

Considerable data exists indicating that epithelial defensins are up-regulated in 
response to infection. In cultured tracheal epithelial cells, tracheal antimicrobial peptide 

15 message is induced following exposure to bacterial lipopolysaccharide (Diamond et al, 

1996) . This induction was blocked by antibody to CD14, suggesting that epithelial cells 
provide an active, inducible antimicrobial defense. Following injury to bovine tongue, 
lingual antimicrobial peptide RNA message increased at the site of injury (Schonwetter et 
al. 1995). Induction of lingual antimicrobial peptide was also observed following acute 

20 infection in bronchial epithelium and chronic infection in ileal mucosa (Stolzenberg et aL, 

1997) . Together these data support a role for -defensins as important host defense 
effector molecules that are rapidly mobilized by epithelium upon injury or infection. 

Due to the significant host defense properties of defensins, any means which 
stimulates or induces the production of these peptides is desired in the art. The present 
25 invention provides such means as to stimulate the production of defensins. 

Some bacteria present in the GI tract of mammals such as Lactobacilli, 
Bifidobacteria, and Streptococci are considered to be beneficial to the host and are termed 
probiotic bacteria. Probiotic bacteria are symbiotic organisms in vertebrate hosts and 
their direct administration or the promotion of their growth is known to prevent and/or 
30 treat infection, promote weight gain in animals, and decrease serum lipid levels (Taylor, 
G.R.J and Williams, 1998; Mohan, B. et al.,1996; Pascual, M. et al., 1999; Hofacre, C.L. 

2 
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et al v 1998; Vanderhoff, J. A. et al., 1999). Materials with the ability to stimulate the 
growth of probiotic bacteria are known as prebiotic materials (Collins and Gibson, 1999). 
Through their effects in promoting probiotic bacterial numbers prebiotic materials are 
also thought to provide their benefits (Gibson, G.R., 1999; Bovee-Oudenhoven, I.M et 
5 al.). 

SUMMARY OF THE INVENTION 

The present invention comprises a method of increasing the production of 
defensins in eukaryotic cells. This method comprises exposing the eukaryotic cells to a 

10 composition comprising isoleucine or active isomers or analogs thereof in an amount 
sufficient to effect said increase. The method also comprises increasing defensin 
production in eukaryotic cells using isomers of isoleucine including stereoisomers, 
diastereomers in particular or a combination thereof. The stereoisomers include L- 
isoleucine, D-isoleucine and D-allo-isoleucine. The method further comprises increasing 

15 defensin production in eukaryotic cells using active analogs of isoleucine including alpha- 
keto-methyl-valerate, isoleucine hydroxamate, butyrate, and valine. 

The eukaryotic cells where defensin production may be stimulated may be 
mammalian cells, and more particularly, epithelial cells. These epithelial cells may be 
from a tissue or source selected from, for example, the group comprising brain, kidney, 

20 heart, spleen, buccal mucosa, nasal mucosa, conjunctiva, tongue, choroid plexus, trachea, 
bronchi, bronchioles, fallopian tubes, uterus, cervix, vagina, testes, bladder, urethra, 
esophagus, duodenum, jejunum, ileum, caecum, ascending colon, sigmoid colon, 
descending colon and rectum. 

Furthermore, the invention includes a method of treating or preventing an 

25 infection or other disease state in a patient. This method comprises administering a 
composition comprising isoleucine or active isomers or analogs thereof in an amount 
sufficient to effect treatment or prevention. The infection may be caused by any viral, 
bacterial or fungal pathogen including, for example, Candida albicans^ Escherichia coli, 
Rotavirus or Respiratory Syncytial Virus. The invention also encompasses a method of 

30 stimulating the immune system of a mammal comprising administering to the mammal, 

3 
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isoleucine or active isomers or analogs thereof in an amount sufficient to effect the 
stimulation. 

The present invention also includes a method of stimulating the growth of 
beneficial probiotic bacteria such as Lactobacilli, Bifidobacteria, and Streptococci. The 
defensin inducing compounds described in the invention are expected to act as prebiotic 
materials and therefore stimulate the growth of probiotic bacteria. 

The present invention also includes a method for improving the general health, 
total weight gain, rate of weight gain, efficiency of feed conversion, and/or reduction or 
elimination of carriage of pathogenic organisms in livestock. These benefits are known or 
are expected benefits of probiotic bacteria and therefore are also expected due to the 
prebiotic effects described above. 

The accompanying figures, which are incorporated in and constitute a part of this 
specification, illustrate several embodiments of the invention and together with the 
description, serve to explain the principle of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 : Effect of various amino acids on defensin production in MDBK cells. 
Figure 2: Dose-response effect of L-isoleucine on defensin production in MDBK 
cells. 

Figure 3: Dose-response effect of D-isoleucine on defensin production in MDBK 

cells. 

Figure 4: Comparison of effects of isoleucine and alloisoleucine on defensin 
production in MDBK cells. 

Figure 5: Effect of L-isoleucine on defensin production in the human colon 
epithelial cell line HT-29. 

Figure 6: Defensin inducing effect of alpha-keto-methyl valerate. 
Figure 7: Defensin inducing effect of butyrate. 
Figure 8: Defensin inducing effect of isoleucine hydroxamate. 
Figure 9: Defensin inducing effect of valine. 

Figure 10: Illustration of generic structure of defensin inducing isoleucine analogs. 
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DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

"Consisting essentially of herein refers to compositions wherein the named 
chemical constituent, active isomer or analog thereof is the principal ingredient of said 
5 composition. 

"Active isomer" herein refer to molecules having the same molecular formula of a 
named chemical constituent but differing in the nature or sequence of binding of their 
atoms or in the spatial arrangement of their atoms, wherein said molecules elicit defensin 
production. In a related aspect, "analogs" herein refer to molecules having the generic or 
10 similar structure of a named chemical constituent (e.g., corresponding -keto form of a 
named amino acid), wherein said "analogs" elicit defensin production. 

The subject invention relates to a method of stimulating the production of 
defensins in eukaryotic cells using a composition comprising isoleucine or active isomers 
or analogs thereof. The composition used in the method may be used to prevent or treat 
15 various disease states or conditions. Consequently, a method of treating or preventing an 
infection or other disease state in a patient may comprise administering a composition 
comprising isoleucine or active isomers or analogs thereof, in an amount sufficient to 
effect the treatment or prevention of said infection or disease state. 

As exemplified in Figure 1, L-isoleucine has the ability to stimulate the production 
20 of defensins in eukaryotic cells. L-isoleucine was capable of stimulating defensin 

production by MDBK cells at concentrations as low as three micrograms per milliliter. 
None of the other similar amino acids tested at this concentration had any effect on 
defensin production. L-valine and L-tyrosine methyl ester had no effect on defensin 
production at concentrations as high as fifty micrograms per milliliter. Furthermore, L- 
25 isoleucine increased defensin production at concentrations fifty to one-hundred-fold less 
than those of D-isoleucine, indicating that the desired effect of the method is dependent 
on the stereochemical configuration of isoleucine. Figure 2 demonstrates the dose- 
dependent effect of L-isoleucine on defensin production, indicating the specific effect of 
L-isoleucine. Thus, the present invention encompasses a method of eliciting the 
30 production of defensins by eukaryotic cells. This method comprises exposing the cells to 
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the composition containing isoleucine or active isomers or analogs thereof in an amount 
sufficient to elicit the production of defensins by the cells. 

In one embodiment, isoleucine or active isomers or analogs are exposed to cells ex 
vivo at concentrations which elicit the highest production of defensin. Preferably, cells 
are exposed to concentrations of L-isoleucine from about 3.12 ng/ml to about 100 ng/mL 
more preferably from about 6.25 jig/ml to about 50 \xg/mh even more preferably from 
about 6.25 jig/ml to about 25 ^tg/ml. Further, cells can be exposed to D-isoleucine at 
concentrations which elicit the production of defensin. Preferably, cells are exposed to 
concentrations of D-isoleucine from about 100 ng/ml to about 400 |ig/ml, more 
preferably from about 200 |ig/ml to about 400 ng/ml. 

The method of the invention encompasses a composition comprising isoleucine or 
active isomers thereof. Isomers of isoleucine comprise both stereoisomers and 
diastereomers as isoleucine has two chiral centers allowing for four separate 
stereoisomers. The importance of stereochemistry to the present invention will be 
apparent to one skilled in the art because L-isoleucine stimulated defensin production at 
concentrations approximately fifty to one-hundred- fold less than D-isoleucine as 
exemplified in Figures 2 and 3. Similarly, changing the configuration of isoleucine at its 
second chiral center yields the compound alloisoleucine. Figure 4 shows that 
alloisoleucine is not as effective an inducer of defensin production in MDBK cells as is 
isoleucine. The strong dependence of defensin inducing activity on the chiral 
configuration of isoleucine supports the specificity of isoleucine as a defensin inducer. 
Thus, the present method of the invention comprises a method whereby the composition 
for stimulating defensin production contains L-isoleucine, D-isoleucine, D-alloisoleucine, 
or a mixture thereof. 

Figure 5 illustrates the defensin inducing property of L-isoleucine in the human 
colon epithelial cell line HT-29. This result, taken together with similar data from MDBK 
cells shows that isoleucine has utility as a defensin inducer in a variety of species and at a 
variety of epithelial surfaces that may be of therapeutic importance. 

In addition to L-isoleucine and D-isoleucine other similar molecules also act as 
defensin inducers. Figures 6, 7, and 8 demonstrate that the compounds alpha-keto- 
methylvaierate, butyrate, and isoleucine hydroxamate are inducers of defensin production 
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in epithelial cells. Figure 9 shows that valine stimulates defensin expression at 
concentrations that are substantially higher than those needed for isoleucine but which 
may have utility in treating or preventing infection. In a preferred embodiment, Figure 10 
illustrates a generic structure for defensin inducing isoleucine analogs. 

5 The method of the present invention comprises stimulation of defensin production 

by epithelial cells derived from, for example, the following mammalian tissues: brain, 
skin, kidney, heart, spleen, buccal mucosa, nasal mucosa, conjunctiva, tongue, choroid 
plexus, trachea, bronchi, brochioles, fallopian tubes, uterus, cervix, vagina, testes, 
bladder, urethra, esophagus, duodenum, jejunum, ileum, caecum, ascending colon, 

10 sigmoid colon, descending colon and rectum. The method may also be used to stimulate 
defensin production in epithelial cells found in other tissues, for example, the ear, liver, 
pancreas or ovary. For example, the method may be utilized for the treatment or 
prevention of dermal, oral, ocular, respiratory, gastrointestinal, colorectal and urogenitary 
diseases or other epithelial cell-related diseases in mammals, including humans and 

15 animals. 

The method of the invention is useful in treating or preventing infections resulting 
from a broad range of pathogens as defensins have been shown to inhibit proliferation of 
both gram-positive and gram-negative bacteria, yeast and numerous viruses. For 
example, the method is effective in the treatment of candidiasis because defensins inhibit 

20 the proliferation of the underlying pathogen Candida albicans. The method is also be 
useful in treating diarrhea, dysentery, septicemia and acute infantile gastroenteritis as 
defensins are known to inhibit proliferation of the underlying pathogens of these disease 
states, particularly Escherichia coli. Treatment of acute respiratory disease resulting from 
Respiratory Syncytial Virus will also be possible as defensins inhibit the proliferation of 

25 such viruses. 

The present invention also includes a method of stimulating the immune system of 
a mammal after, for example, surgery, immune ablation by chemotherapy or other 
treatments, or bacterial or viral infections. Such a method comprises administering a 
composition comprising isoleucine or active isomers or analogs thereof to the patient, 

30 human or animal, requiring immune system stimulation in an amount sufficient to effect 
such stimulation. Thus, stimulation of defensin production in the epithelial cells of the 
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patient is the mechanism whereby stimulation of the immune system occurs. Further, 
methods are envisaged which comprise immunostimulation by administering 
compositions comprising isoleucine or active isomers or analogs thereof and cytokines or 
other immune stimulants. Administration of such compositions are preferred for diseases 
s involving gram-negative infections and septic conditions wherein LPS 

(lipopolysaccharide) is the major immunogenic agent. In a preferred embodiment, 
administration can be sequential or more preferably simultaneous (i.e., co-administered). 

The present invention also includes a method of stimulating the growth of 
beneficial probiotic bacteria such as Lactobacilli, Bifidobacteria, and Streptococci. 
10 Materials with this property are known as prebiotic materials (Collins and Gibson, 1999). 
The defensin inducing compounds described in the invention are expected to act as 
prebiotic materials. Probiotic bacteria are relatively much less sensitive to the killing 
effects of antimicrobial peptides. Induction of defensin or other antimicrobial peptide 
production at an epithelial surface is expected to lead to direct killing of sensitive, non- 
15 probiotic bacteria including pathogens while having little direct effect on the relatively 

insensitive probiotic bacteria. This is expected to provide a competitive advantage to the 
probiotic bacteria in the internal microbial ecology of the treated host as they gain 
nutrients and space at the expense of the sensitive microbes. It is known that heat killed 
probiotic bacteria are themselves inducers of epithelial defensins and that probiotic 
20 bacteria provide benefit to the host; this relationship is then truly symbiotic in that it 
provides benefits to both host and probiotic bacteria. This effect can be utilized to 
promote probiotic bacterial numbers and thereby provide the preventive and therapeutic 
benefits described above. The prebiotic effect of defensin inducers may be useful in at 
any epithelial surface that is able to support probiotic or commensal bacteria, especially 
25 the entire digestive tract, upper airway, and vagina. 

The present invention also includes a method for improving the general health, 
total weight gain, rate of weight gain, efficiency of feed conversion, and/or reduction or 
elimination of carriage of pathogenic organisms in livestock. These benefits are known or 
are expected benefits of probiotic bacteria and therefore are also expected due to the 
30 prebiotic effects described above. The direct microbicidal effect of defensins induced in 
treated animals is also expected to mediate these effects by killing pathogens and 
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improving the general health of the animals, allowing for improved average weight gain 
as less energy is expended by the animals in fighting pathogens. 

The present invention also includes a method for increasing numbers of probiotic 
or commensal bacteria comprising the administration of isoleucine or active isomers 
5 thereof combined with live probiotic or commensal bacteria and/or other prebiotic 
materials including non-digestible oligosaccharides such as fructo-oligosaccharides, 
inulin, or chicory. 

The invention includes pharmaceutical compositions comprising isoleucine or 
active isomers or analogs thereof or a combination of isoleucine or active isomers or 

10 analogs thereof, together with a pharmaceutically acceptable carrier. Preferred 

embodiments may include such compositions comprising purified isoleucine, active 
isomers or analogs or combinations of any of the mentioned compounds. Acceptable 
carriers can be sterile liquids, such as water and oils, including those of petroleum, 
animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame 

15 oil and the like. Water is a preferred carrier when the pharmaceutical composition is 

administered intravenously. Saline solutions and aqueous dextrose and glycerol solutions 
can also be employed as liquid carriers, particularly for injectable solutions. Suitable 
pharmaceutical carriers are described in Remington's Pharmaceutical Sciences, 19th 
edition, Mack Publishing Company, 1995. The pharmaceutical compositions used in the 

20 method of treatment of this invention may be administered systemically or topically, 
depending on such considerations as the condition to be treated, need for site-specific 
treatment, quantity to be administered and similar considerations. This administration 
may be by the oral, intravenous, or inhaled route or by suppository, enema, mouth wash 
or the like. 

25 Topical administration may be used. Any common topical formation such as a 

solution, suspension, gel, ointment or salve and the like may be employed. Preparation of 
such topical formulations are well described in the art of pharmaceutical formulations as 
exemplified, for example, by Remington's Pharmaceutical Sciences, 19th edition, Mack 
Publishing Company, 1995. For topical application, these compounds could also be 

30 administered as a powder or spray, particularly in aerosol form or as a lozenge for local 

oral delivery. The active ingredient may be administered in pharmaceutical compositions 



iNSDOCID: <WO 0168085A1_I_> 



WO 01/68085 PCT/USO 1/08 197 

adapted for systemic administration. As is known, if a drug is to be administered 
systemically, it may be confected as a powder, pill, tablet or the like or as a syrup or elixir 
for oral administration. For intravenous, intraperitoneal or intralesional administration, 
the compound will be prepared as a solution or suspension capable of being administered 
5 by injection. In certain cases, it may be useful to formulate these compounds in 

suppository form or as an extended release formulation for deposit under the skin or 
intramuscular injection. 

The compounds can also be administered in animal feed for the stimulation of 
weight gain and to enhance animal health. 
10 An effective amount is that amount which will increase the expression of 

defensins. A given effective amount will vary from condition to condition and in certain 
instances may vary with the severity of the condition being treated and the patient's 
susceptibility to treatment. Accordingly, a given effective amount will be best determined 
at the time and place through routine experimentation as shown in Figure 2. However, it 
15 is anticipated that in the treatment and prevention of infections and other disease states is 
in accordance with the present invention, a formulation containing between 0.001 and 5.0 
% by weight, preferably about 0.01 to 1.0 %, will usually constitute an effective 
therapeutic amount. When administered systemically, an amount between 0.01 and 100 
milligrams per kilogram body weight per day, but preferably about 0.1 to 10 milligrams 
20 per kilogram, will effect a therapeutic result in most instances. 

The present compositions are preferably for treatment of human subjects, 
however, the mentioned compositions are also contemplated for use in animal subjects, 
including farm animals as well as domestic species. 

The practice of the present invention will employ the conventional terms and 
25 techniques of molecular biology, pharmacology, immunology and biochemistry that are 
within the ordinary skill of those in the art. For example, see Sambrook et aL, Molecular 
Cloning: A Laboratory Manual, 3rd edition. Cold Spring Harbor Laboratory Press, 1989. 

Other embodiments of the invention will be apparent to those skilled in the art 
from consideration of the specification and practice of the invention disclosed. It is 
30 intended that the specifications and examples be considered exemplary only with the true 
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scope of the invention being indicated by the claims. Having provided this detailed 
information, applicants now describe preferred aspects of the invention. 



EXAMPLE 1 

Defensin induction in MDBK cells. 
Cell Culture: MDBK (Madin-Darby Bovine Kidney) cells were obtained from the 
ATCC (Rockville, MD) and were maintained in growth medium consisting of Eagle's 
modified essential media with Earle's balanced salt solution, 10% horse serum, 0.10 mM 
non-essential amino acids and no antibiotics. For stimulation experiments, cells were 

10 plated into six well tissue culture plates and maintained for three days in growth medium 
until cells were almost confluent. The medium was then changed to serum-free epithelial 
cell growth medium (Clonetics, San Diego, CA) and the test material was added to the 
dish. Twenty-four hours later, the medium was withdrawn and cells were rinsed with 
phosphate-buffered saline. Total RNA was then isolated using Trizol reagent 

15 (Gibco/BRL, Grand Island, NY) according to protocols supplied by the manufacturer. 
RNA was quantified by measuring the OD260 of each sample. 

RNA-Polymerase Chain Reaction: Total RNA was treated with DNase prior to 
reverse transcription and PCR. The DNase was heat inactivated at 65 C in the presence of 
EDTA for ten minutes. Reverse transcription and PCR were performed essentially as 

20 described for the GeneAmp RNA PCR kit (Perkin Elmer, Foster City, CA). Briefly, 
approximately 250 nanograms of total RNA was primed with polydT and reverse 
transcribed with Murine Leukemia Virus reverse transcriptase in a total volume of 16 uL 
at room temperature for ten minutes and then at 42 C for an additional fifteen minutes. 
The reverse transcriptase was heat inactivated at 99 C for five minutes and the reaction 

25 was chilled to 4 degrees C. This reverse transcription reaction was then split in half: one 
portion was used for amplification of the target defensin RNA, and the other was treated 
in parallel to determine the (3-tubulin RNA level as a control. Additional reagents 
necessary for the PCR reaction, including appropriate synthetic DNA primers; 

30 (3-defensin 5' CTC TTC CTG GTC CTG TCT 3' (SEQ ID NO: 1) 

5 , 3 , (SEQ ^ 2) 

11 



3NSDOCID: <WO 0168065A1J_> 



WO 01/68085 



PCT/USO 1/08 197 



P-tubulin 5' GTT CCC AAA GAT GTC AAT GCT GCC 3 (SEQ ID NO: 3) 
5' ATG CTG CAA GGC TGA AAG GAA TGG 3' (SEQ ID NO: 4) 

5 were added after splitting the reverse transcription reactions to bring the reaction volumes 
to 40 *iL. The reactions were then subjected to thermal cycling as follows: 95 C for one 
minute, 52 C for one minute, 72 C for one minute for 30 cycles followed by a single 72 C 
incubation for fifteen minutes to allow for extension. The expected 200 base pair 
p-defensin PCR product was measured by gel electrophoresis or QPCR (Quantitative 

10 PCR). 

Product Capture for QPCR System: 10 ^iL of the final PCR mixture was combined 
with 15 nL of strepavidin bead slurry (Perkin-Elmer, Foster City, CA), 21 \xL H2O and 4 
piL of lOx PCR buffer to yield a 50 binding reaction. The binding reactions were 
incubated at room temperature for fifteen minutes with occasional agitation. One ml of 
15 QPCR assay buffer was then added to the reaction. The quantity of PCR product was 
subsequently measured with the Perkin-Elmer QPCR instrument (Perkin-Elmer, Foster 
City, CA). The amount of defensin product was normalized to endogenous expression in 
MDBK cells in the absence of any experimental agent. 

EXAMPLE 2 

20 Defensin induction in MDBK cells . 

In order to easily identify compounds that have defensin inducing activity a stable 
cell line containing an integrated plasmid in which expression of the easily assayed gene 
product luciferase is controlled by a bovine beta-defensin promoter was constructed. 
Cloning of bovine defensin promoter: A DNA fragment containing the bovine enteric 

25 beta-defensin (EBD) promoter was generated via PCR. The fragment contained 812 base 
pairs of 5*-flanking sequence and the first 43 base pairs of the 5' untranslated portion of 
the EBD cDNA. This DNA fragment was engineered to contain an Mlu I restriction site at 
the 5' end of the fragment and a Bgl II restriction site at the 3' end to facilitate subsequent 
cloning into the pGL2-basic luciferase expression plasmid (Promega). The PCR product 

30 was cloned into the TA cloning vector (Invitrogen) by standard techniques and sequenced 
to confirm its identity. 

12 
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Contruction of EBP promoter-luciferase rep orter plasmid: The defensin promoter 
containing TA -vector plasmid was digested with Mlu I and Bgl II and the appropriate 
digestion product was isolated following separation on a 1.2% agarose gel. The luciferase 
expression vector pGL2 -basic was similarly digested with Mlu I and Bgl II and isolated 
5 following gel electrophoresis. The vector and defensin promoter fragment were ligated 
together and transformed into E. coli via standard procedures. 
Generation of Stable MDBK cell lines containine a functional defensin promoter- 
luciferase plasmid : The defensin promoter-luciferase plasmid was mixed with the G41 8 
resistance plasmid LNCZ in a 1 to 5 ratio, combined with Fugene ™ transfection reagent 
10 and placed on MDBK cells. 

Cells were then exposed to medium containing 0.4 milligrams/ml G418 until resistant 
colonies were visible (4-5 weeks). The resistant clones were then expanded and screened 
for the expression of luciferase. 

Screening of compounds for defensin inducing activity : Cells of a clonal MDBK cell line 
15 expressing the defensin promoter-luciferase plasmid were placed in the wells of a 96-well 
tissue culture plate. Test substances were then placed in tissue culture medium and added 
to the wells. After the test substances had been in contact with the cells for 12-24 hours 
luciferase expression levels were measured using standard procedures. 

20 EXAMPLE 3 

Stimulation of probacterial growth and weight gain in domestic animals 
Isoleucine is added to the feed of livestock in amounts varying from .0025 to .05 
Wt% and these animals are compared with animals fed unsupplemented feed or feed with 
added antibiotics. Animals are weighed and blood samples are drawn weekly. Weight 

25 values are used to determine total weight gain, rate of weight gain and feed conversion 
efficiency. Blood samples are tested for levels of circulating IgA, IgG, IgM and 
isoleucine. Fecal samples are also obtained weekly and tested for numbers of cultured 
micro-organisms/gram of shed feces (Identification and quantification of species of 
interest, including Lactobacilli, Streptococci, Bifidobacteria, E. coli, Bacteriodes, 

30 Salmonella, Clostridia, total aerobes, and total anaerobes). Levels of fecal 
immunoglobulins are also determined. 

13 



BNSDOCID: <WO 0168085A1_I_> 



WO 01/68085 PCT/USO 1/081 97 

While the invention has been described and illustrated herein by references to 
various specific materials, procedures and examples, it is understood that the invention is 
not restricted to the particular combinations of material and procedures selected for that 
purpose. Numerous variations of such details can be implied as will be appreciated by 
5 those skilled in the art. All references, patents or other publications cited in this 

application or in the following reference section are herein incorporated by reference in 
their entirety. 
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1 . A method of eliciting the production of defensins in eukaryotic cells 
comprising exposing said cells to a composition comprising isoleucine or 
active isomers or analogs thereof in an amount sufficient to elicit said production. 

2. The method of claim 1, wherein said composition consists essentially of 
isoleucine or active isomers or analogs thereof in an amount sufficient to elicit 
said production. 

3. The method of claim 1, wherein said composition further comprises a 
cytokine. 



4. The method of any one of claims 1-3, wherein said eukaryotic cells are 
1 5 mammalian cells. 

5. The method of claim 4, wherein said mammalian cells are epithelial cells. 

6. The method of claim 5, wherein said epithelial cells are from a tissue or source 
20 selected from the group consisting of brain, kidney, heart, spleen, buccal mucosa, 

nasal mucosa, conjunctiva, tongue, choroid plexus, trachea, bronchi, bronchioles, 
fallopian tubes, uterus, cervix, vagina, testes, bladder, urethra, esophagus, 
duodenum, jejunum, ileum, caecum, ascending colon, sigmoid colon, descending 
colon and rectum. 



25 



30 



7. A method according to any one of claims 1-3, wherein the isomers are 
stereoisomers. 

8. A method according to claim 7, wherein the stereoisomer is L-isoleucine. 

9. A method according to claim 7, wherein the stereoisomer is D-isoleucine. 

18 
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10. A method according to claim 7, wherein the stereoisomer is D-allo- 
isoleucine. 

5 1 1 . A method according to any one of claims 1-3, wherein the analog is alpha- 

keto-methylvalerate . 

12. A method according to any one of claims 1-3, wherein the analog is 
isoleucine hydroxamate. 



10 



15 



20 



13. A method according to any one of claims 1-3, wherein the analog is valine. 

14. A method according to any one of claims 1-3, wherein the analog is butyrate 
or an active derivative thereof. 

15. A method according to any one of claims 1-4, wherein the analog is one of a 
member of a class of compounds defined by the chemical structure drawing 
below: 

X = -NH 2 , O, H. 

R1 ^ o Y = -OH, -NHOH, -NH 2 , -OCH 3 , -0-R3. 

R2 ^XJ^ Y R1 = H, -CH 3 , alkyl of 2-5 carbons. 

X R2 = H, -CH 3 , alkyl of 2-5 carbons, 

single or double bond R3 = alkyl of 2-5 carbons. 



16. A method of treating or preventing an infection or other disease state in a 
patient in need of said treatment or prevention by administering to said patient a 
composition consisting essentially of isoleucine or active isomers or analogs 
thereof in an amount sufficient to effect the treatment or prevention. 



25 
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17. The method of claim 16, wherein said infection is caused by any viral, 
bacterial or fungal pathogen. 



18. The method of claim 13, wherein the pathogen is selected from the group 
5 consisting of Candida albicans, Escherichia coli, Rotavirus or Respiratory 

Syncytial Virus. 

1 9. A method of stimulating the immune system of a mammal or other animal 
comprising administering to said mammal or other animal a composition 

10 comprising isoleucine or active isomers or analogs thereof in an amount sufficient 

to effect said stimulation. 



20. The method of claim 16, wherein the isoleucine or active isomer or analog 
thereof is administered after surgery, immune ablation or bacterial or viral 

15 infection. 

21 . A method of increasing numbers of probiotic or commensal bacteria at an 
epithelial surface or in an epithelially lined compartment comprising 
administration of a composition comprising isoleucine or active isomers or 

20 analogs thereof in an amount sufficient to elicit said increase in bacteria. 

22. A method of increasing numbers of probiotic or commensal bacteria at an 
epithelial surface or in an epithelially lined compartment comprising 
administration of a composition containing an antimicrobial peptide inducing 

25 compound or material. 

23. A composition comprising isoleucine or active isomers or analogs thereof in 
an amount sufficient to elicit increases in probiotic or commensal bacteria. 

30 24. A composition comprising isoleucine or active isomers or analogs thereof and 

other prebiotic substances. 
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25. A composition comprising isoleucine or active isomers or analogs thereof and 
non-digestible carbohydrates including fructo-oligosaccaharides (FOS), inulin.. 
and/or chicory singly or in combination. 

26. A composition comprising isoleucine or active isomers or analogs thereof and 
live probiotic or commensal bacteria. 

27. A composition comprising isoleucine or active isomers or analogs thereof and 
) non-digestible carbohydrates including fructo-oligosaccaharides (FOS), inulin, 

and/or chicory singly or in combination and live probiotic bacteria. 

28. A composition comprising an antimicrobial peptide inducing compound or 
material and non-digestible carbohydrates including fructo-oligosaccaharides 

5 (FOS), inulin, and/or chicory singly or in combination. 

29. A composition comprising an antimicrobial peptide inducing compound or 
material and live probiotic or commensal bacteria. 

to 30. A composition comprising an antimicrobial peptide inducing compound or 

material and non-digestible carbohydrates including fructo-oligosaccaharides 
(FOS), inulin, and/or chicory singly or in combination and live probiotic bacteria. 

31. A method for improving total weight gain, rate of weight gain, or feed 

25 conversion efficiency in livestock comprising administration of an antimicrobial 

peptide inducing compound. 

32. A method for improving total weight gain, rate of weight gain, or feed 
conversion efficiency in livestock comprising administration of isoleucine or * 

30 active isomers or analogs thereof. 

21 
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L-ISOLEUCINE 6.25 ug/ml 
L-ISOLEUCINE 12.5 ug/ml 
L-ISOLEUCINE 12.5 ug/ml 
L-ISOLEUCINE 25 ug/ml 
L-ISOLEUCINE 25 ug/ml 
L-ISOLEUCINE 50 ug/ml 
NEGATIVE CONTROL 
L-ISOLEUCINE 100 ug/ml 
NO TREATMENT 
NO TREATMENT 
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